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FOREWORD

The work reported herein was sponsored by the National Aeronautics
and Space Administration (NASA), Marshall Space Flight Center (MSFC)
(I-E-J), under System 921E, Project 9194,

The results of the tests presented were obtained by ARO, Iné.
(a subsidiary of Sverdrup & Parcel and Associates, Inc.), contrac'g""
operator of the Arnold Engineering Development Center (AEDC), Air
Force Systems Command (AFSC), Arnold Air Force Station, Tennessee,
under Contract AF40(600)}-1200. Program direction was provided by’
NASA/MSFC; technical and engineering liaison was provided by North
American Aviation, Inc., Rocketdyne Division, manufacturer of the J-2
rocket engine; and engineering liaison was provided by Douglas"{%'irc'faft
Company, manufacturer of the S-IVB stage. The testing reported liere-
in was conducted on December 21, 1967, and January 4, 1968, in Pro-
pulsion Engine Test Cell (J-4) of the Large Rocket Facility (LRF) under
ARO Project No. KA1801. The manuscript was submitted for publica-
tion on March 21, 1968.

Information in this report is embargoed under the Department of
State International Traffic in Arms Regulations. This report may be
released to foreign governments by departments or agencies of the
U. S. Government subject to approval of NASA, Marshall Space Flight
Center (I-E-J), or higher authority. Private individuals or firms re-
quire a Department of State export license.

This technical report has been reviewed and is approved.

Harold Nelson, Jr. Roy R. Croy, Jr.
Captain, USAF Colonel, USAF
AF Representative, LRF Director of Test

Directorate of Test
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ABSTRACT
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Nine firings of the J-2 rocket engine were conducted in Test Cell J-4
of the Arnold Engineering Development Center, Large Rocket Facility,
The firings were accomplished
at pressure altitudes ranging from 95, 000 to 112, 000 ft at engine start.
The objectives of these tests were to investigate S-II/S-V start condition
effects on engine start, gas generator ignition characteristics, and fuel
Engine thermal condition extremes for S-II flight con-
figuration were duplicated. Satisfactory engine operation was obtained.

during test periods J4-1801-21 and 22.

pump operation.

Accumulated firing duration was 111, 6 sec.
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SECTION |
INTRODUCTION

Testing of the Rocketdyne J-2 rocket engine using an S-IVB battle-
ship stage has been in progress since July 1966 at AEDC in support of
the J-2 engine application on the Saturn IB and Saturn V launch vehicles
for the NASA Apollo Program. The nine firings reported herein were
conducted during test periods J4-1801-21 and 22 on December 21, 1967,
and January 4, 1968, in Propulsion Engine Test Cell (J-4) (Figs. 1
and 2, Appendix I) of the Large Rocket Facility (LRF) to investigate
J-2 engine S-I1/S-V start condition effects on engine start, gas gener-
ator ignition characteristics, and fuel pump operation characteristics
during start tank discharge. These firings were accomplished at pres-
sure altitudes ranging from 95, 000 to 112, 000 ft (geometric pressure
altitude, Z, Ref. 1) at engine start, with predicted thermal conditions
for S-II start.

Data collected to accomplish the test objectives are presented
herein. The results of the previous test period are presented in Ref. 2.

SECTION I
APPARATUS

2.1 TEST ARTICLE

The test article was a J-2 rocket engine (Fig. 3) designed and
developed by Rocketdyne Division of North American Aviation, Inc.
The engine uses liquid oxygen and liquid hydrogen as propellants and
has a thrust rating of 230, 000 lbg at an oxidizer-to-fuel mixture ratio
of 5.5. An S-IVB battleship stage was used to supply propellants to the
engine. A schematic of the battleship stage is presented in Fig. 4.

Listings of major engine components and engine orifices for this
test period are presented in Tables I and II, respectively (Appendix II).
All engine modifications and component replacements performed since
the previous test period are presented in Tables III and IV, respectively.

2,1.1 J-2 Rocket Engine

The J-2 rocket engine (Figs. 3 and 5, Ref. 3) features the following
major components:
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Thrust Chamber - The tubular-walled, bell-shaped thrust
chamber consists of an 18. 6-in. -diam combustion chamber

(8.0 in. long from the injector mounting to the throat inlet)

with a characteristic length (L*) of 24.6 in., a 170. 4-in.2
throat area, and a divergent nozzle with an expansion ratio of
27.1. Thrust chamber length (from the injector flange to the
nozzle exit) is 107 in. Cooling is accomplished by the circula-
tion of engine fuel flow downward from the fuel manifold through
180 tubes and then upward through 360 tubes to the injector.

Thrust Chamber Injector - The injector is a concentric-orificed
(concentric fuel orifices around the oxidizer post orifices),
porous -faced injector. Fuel and oxidizer injector orifice areas
are 25.0 and 16.0 in.2, respectively. The porous material,
forming the injector face, allows approximately 3.5 percent of
total fuel flow to transpiration cool the face of the injector.

Augmented Spark Igniter - The augmented spark igniter unit is
mounted on the thrust chamber injector and supplies the initial
erfergy source to ignite propellants in the main combustion
chamber. The augmented spark igniter chamber is an integral
part of the thrust chamber injector. Fuel and oxidizer are ig-
nited in the combustion area by two spark plugs.

Fuel Turbopump - The turbopump is composed of a two-stage
turbine-stator assembly, an inducer, and a seven-stage axial-
flow pump. The pump is self-lubricated and nominally produces,
at rated conditions, a head rise of 38, 215 ft (1248 psia) of liquid
hydrogen at a flow rate of 8585 gpm for a rotor speed of

27, 265 rpm.

Oxidizer Turbopump - The turbopump is composed of a two-
stage turbine-stator assembly and a single-stage centrifugal
pump. The pump is self-lubricated and nominally produces, at
rated conditions, a head rise of 2170 ft (1107 psia) of liquid
oxygen at a flow rate of 2965 gpm for a rotor speed of 8688 rpm.

Gas Generator - The gas generator consists of a combustion
chamber containing two spark plugs, a pneumatically operated
control valve containing oxidizer and fuel poppets, and an in- -
jector assembly. The oxidizer and fuel poppets provide a fuel
lead to the gas generator combustion chamber. The high energy
gases produced by the gas generator are directed to the fuel
turbine and then to the oxidizer turbine (through the turbine
crossover duct) before being exhausted into the thrust chamber
at an area ratio (A/At) of approximately 11.
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Propellant Utilization Valve - The motor-driven propellant

. utilization valve is mounted on the oxidizer turbopump and by-

passes liquid oxygen from the discharge to the inlet side of the
pump to vary engine mixture ratio.

Propellant Bleed Valves - The pneumatically operated fuel and
oxidizer bleed valves provide pressure relief for the boiloff of
propellants trapped between the battleship stage prevalves and
main propellant valves at engine shutdown.

Integral Hydrogen Start Tank and Helium Tank - The integral
tanks consist of a 7258-in.3 sphere for hydrogen with a
1000-in.3 sphere for helium located within it. Pressurized
gaseous hydrogen in the start tank provides the initial energy
source for spinning the propellant turbopumps during engine
start. The helium tank provides a helium pressure supply to
the engine pneumatic control system.

- Oxidizer Turbine Bypass Valve - The pneumatically actuated

oxidizer turbine bypass valve provides control of the fuel
turbine exhaust gases directed to the oxidizer turbine in order
to control the oxidizer-to-fuel turbine spinup relationship. The
fuel turbine exhaust gases that bypass the oxidizer turbine are
discharged into the thrust chamber.

Main Oxidizer Valve - The main oxidizer valve is a pneumatically
actuated, two-stage, butterfly-type valve located in the oxidizer
high pressure duct between the turbopump and the main injector.
The first-stage actuator positions the main oxidizer valve at

the 14-deg position to obtain initial thrust chamber ignition; the
second-stage actuator ramps the main oxidizer valve full open

to accelerate the engine to main-stage operation.

Main Fuel Valve - The main fuel valve is a pneumatically
actuated butterfly-type valve located in the fuel high pressure
duct between the turbopump and the fuel manifold.

Pneumatic Control Package - The pneumatic control package
controls all pneumatically operated engine valves and purges.

Electrical Control Assembly - The electrical control assembly
provides the electrical logic required for proper sequencing of
engine components during operation.

Primary and Auxiliary Flight Instrumentation Packages - The
instrumentation packages contain sensors required to monitor
critical engine parameters. The packages provide environ-
mental control for the sensors.
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2.1.2 S-1VB Battleship Stage

The S-IVB battleship stage is approximately 22 ft in diameter and
49 ft long and has a maximum propellant capacity of 46, 000 1b of liquid
hydrogen and 199, 000 1b of liquid oxygen. The propellant tanks, fuel
above oxidizer, are separated by a common bulkhead. Propellant pre-
valves, in the low pressure ducts (external to the tanks) interfacing the
stage and the engine, retain propellant in the stage until being admitted
into the engine to the main propellant valves and serve as emergency
engine shutoff valves. Propellant recirculation pumps in both fuel and
oxidizer tanks are utilized to circulate propellants through the low pres-
sure ducts and turbopumps before engine start to stabilize hardware
temperatures near normal operating levels and to prevent propellant
temperature stratification. Vent and relief valve systems are provided
for both propellant tanks.

Pressurization of the fuel and oxidizer tanks was accomplished by
facility systems using hydrogen and helium, respectively, as the pres-
surizing gases. The engine-supplied gaseous hydrogen and gaseous
oxygen for fuel and oxidizer tank pressurization during S-II flight were

routed to the respective facility venting systems.

2.2 TEST CELL

Test Cell J-4, Fig. 2, is a vertically oriented test unit designed
for static testing of liquid-propellant rocket engines and propulsion sys-
tems at pressure altitudes of 100, 000 ft. The basic cell construction
provides a 1. 5-million-lbg-thrust capacity. The cell consists of four
major components (1) test capsule, 48 ft in diameter and 82 ft in height,
situated at grade level and containing the test article; (2) spray chamber,
100 ft in diameter and 250 ft in depth, located directly beneath the test
capsule to provide exhaust gas cooling and dehumidification; (3) coolant
water, steam, nitrogen (gaseous and liquid), hydrogen (gaseous and
liquid), and liquid oxygen and gaseous helium storage and delivery sys-
tems for operation of the cell and test article; and (4) control building,
containing test article controls, test cell controls, and data acquisition
equipment. Exhaust machinery is connected with the spray chamber and
maintains a minimum test cell pressure before and after the engine firing
and exhausts the products of combustion from the engine firing. Before
a firing, the facility steam ejector, in series with the exhaust machinery,
provides a pressure altitude of 100, 000 ft in the test capsule. A detailed
description of the test cell is presented in Ref, 4.
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The battleship stage and the J-2 engine were oriented vertically
downward on the centerline of the diffuser-steam ejector assembly.
This assembly consisted of a diffuser duct (20 ft in diameter by 150 ft
in length), a centerbody steam ejector within the diffuser duct, -a dif-
fuser insert (13.5 ft in diameter by 30 ft in length) at the inlet to the
diffuser duct, and a gaseous nitrogen annular ejector above the diffuser
insert. The diffuser insert was provided for dynamic pressure recovery
of the engine exhaust gases and to maintain engine ambient pressure alti-
tude (attained by the steam ejector) during the engine firing. The annular
ejector was provided to suppress steam recirculation into the test cap-
sule during steam ejector shutdown. The test cell was also equipped
with (1) a gaseous nitrogen purge system for continuously inerting the
normal air in-leakage of the cell, (2) a gaseous nitrogen repressuriza-
tion system for raising test cell pressure, after engine cutoff, to a level
equal to spray chamber pressure and for rapid emergency inerting of
the capsule, and (3) a spray chamber liquid nitrogen supply and distribu-
tion manifold for initially inerting the spray chamber and exhaust duct-
ing and for increasing the molecular weight of the hydrogen-rich exhaust
products.

An engine component conditioning system was provided for tem-
perature conditioning engine components. The conditioning system
utilized a liquid hydrogen-helium heat exchanger to provide cold helium
gas for component conditioning. Engine components requiring tempera-
ture conditioning were the thrust chamber, crossover duct, main
oxidizer valve second-stage actuator, and start tank discharge valve
opening control line. Helium was routed internally through the cross-
over duct and thrust chamber, and externally over other components.

2.3 INSTRUMENTATION

Instrumentation systems were provided to measure engine, stage,
and facility parameters. The engine instrumentation was comprised of
(1) flight instrumentation for the measurement of critical engine param-
eters and (2) facility instrumentation which was provided to verify the
flight instrumentation and to measure additional engine parameters. The
flight instrumentation was provided and calibrated by the engine manu-
facturer; facility instrumentation was initially calibrated and periodically
recalibrated at AEDC. Appendix III contains a list of all measured test
parameters and the locations of selected sensing points.

Pressure measurements were made using strain-gage-type pres-
sure transducers. Temperature measurements were made using
resistance temperature transducers and thermocouples. Oxidizer and
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fuel turbopump shaft speeds were sensed by magnetic pickup. Fuel and
oxidizer flow rates to the engine were measured by turbine-type flow-
meters which are an integral part of the engine. The propellant recir- °
culation flow rates were also monitored with turbine-type flowmeters.
Vibrations were measured by accelerometers mounted on the oxidizer
injector dome and on the turbopumps. Primary engine and stage valves
were instrumented with linear potentiometers and limit switches.

The data acquisition systems were calibrated by (1) precision elec-
trical shunt resistance substitution for the pressure transducers and
resistance temperature transducer units, (2) voltage substitution for the
thermocouples, (3) frequency substitution for shaft speeds and flow-
meters, and (4) frequency-voltage substitution for accelerometers.

The types of data acquisition and recording systems used during
this test period were (1) a multiple-input digital data acquisition system
(MicroSADIC®) scanning each parameter at 40 samples per second and
recording on magnetic tape, (2) single-input, continuous-recording FM
systems recording on magnetic tape, (3) photographically recording
galvanometer oscillographs, (4) direct-inking, null-balance potentiometer-
type X-Y plotters and strip charts, and (5) optical data recorders. Appli-
cable systems were calibrated before each test (atmospheric and altitude
calibrations). Television cameras, in conjunction with video tape re-
corders, were used to provide visual coverage during an engine firing,
as well as for replay capability for immediate examination of unexpected
events.

2,4 CONTROLS

Control of the J-2 engine, battleship stage, and test cell systems
during the terminal countdown was provided from the test cell control
room. A facility control logic network was provided to interconnect the
engine control system, major stage systems, the engine safety cutoff
system, the observer cutoff circuits, and the countdown sequencer. A
schematic of the engine start control logic is presented in Fig. 6. The
sequence of engine events for a normal start and shutdown is presented
in Figs. 7a and b. Two control logics for sequencing the stage pre-
valves and recirculation systems with engine start for simulating engine
flight start sequences are presented in Figs. 7c and d.
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SECTION Il
PROCEDURE

Preoperational procedures were begun several hours before the
test period. All consumable storage systems were replenished, and
engine inspections, leak checks, and drying procedures were conducted.
Propellant tank pressurants and engine pneumatic and purge gas samples
were taken to ensure that specification requirements were met. Chemi-
cal analysis of propellants was provided by the propellant suppliers.
Facility sequence, engine sequence, and engine abort checks were con-
ducted within a 24-hr time period before an engine firing to verify the
propet sequence of events. Facility and engine sequence checks con-
sisted of verifying the timing of valves and events to be within specified
limits; the abort checks consisted of electrically simulating engine mal-
functions to verify the occurrence of an automatic engine cutoff signal.
A final engine sequence check was conducted immediately preceding the
test .period.

Oxidizer dome, gas generator oxidizer injector, and thrust chamber
jacket purges were initiated before evacuating the test cell. After com-
pletion of instrumentation calibrations at atmospheric conditions, the test
cell was evacuated to approximately 0.5 psia with the exhaust machinery,
and instrumentation calibrations at altitude conditions were conducted.
Immediately before loading propellants on board the vehicle, the cell and
exhaust-ducting atmosphere was inerted. At this same time, the cell
nitrogen purge was initiated for the duration of the test period, except
for the engine firing. The vehicle propellant tanks were then loaded,
and the remainder of the terminal countdown was conducted. Tempera-
ture conditioning of the various engine components was accomplished
as required, using the facility-supplied engine component conditioning
system. Engine components that required temperature conditioning
were the thrust chamber, the crossover duct, start tank discharge valve
opening control line, and main oxidizer valve second-stage actuator.
Table V presents the engine purges and thermal conditioning operations
during the terminal countdown and immediately following the engine
firing.

SECTION |Y
RESULTS AND DISCUSSION

4.1 TEST SUMMARY

Eight engine firings, and one engine start with cutoff 400 msec
after the main-stage control solenoid was energized, were conducted
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during test J4-1801-21 on December 21, 1967, and test J4-1801-22"oriL

January 4, 1968, for a total duration of 111.6 sec.

All firings were in

support of the S-I1/S-V J-2 Engine Developmental Program. Thermal
conditioning of the engine and selected engine components was accom-

plished to simulate the predicted S-II flight thermal environment.

All

engine starts were made with the propellant utilization valve in the null

(0-deg) position.

Thirty-second firings were conducted using a propel-

lant utilization valve excursion from null to full closed at approximately

tg + 10 sec which changed the mixture ratio from 5.0 to 5.5.
were preceded by a one-second fuel lead.

and a brief summary of results.

Firing
21A

21B

21C

Test Objectives

Investigate S-II start transient
characteristics using maximum
start gas energy, warmest ex-

pected thrust chamber, and high

fuel and oxidizer pump inlet
pressures,

Investigate S-II start transient
characteristics using low fuel
and high oxidizer pump inlet
pressures, warmest expected
thrust chamber, and high start
gas energy.

Investigate S-II start transient
characteristics using low fuel
and high oxidizer pump inlet
pressure, warmest expected
thrust chamber, and high start
gas energy.

All firings
The following are objectives

Results

Start conditions resulted in
a fast start and late main
oxidizer valve second-stage
movement which produced a
second peak gas generator
temperature of 1885°F.
Time to 550 psia chamber
pressure was 1, 875 sec.

Stall margin during start

tank discharge and fuel pump
acceleration was significantly
lower than firing 21A, which
was identical except for fuel
pump inlet pressure; however,
adequate margin was main-
tained on this firing.

This firing was identical to
firing 21B, except for start
tank pressure and tempera-
ture which provided a slight
increase in energy. Fuel
pump spinup was higher than
on 21B which provided higher
gas generator power and,
thus, higher hydraulic torque
on the main oxidizer valve,
resulting in higher second
peak gas generator tempera-
ture.



Firing

21D

22A

22B

22C

22D

Test Objectives

Investigate S-II start transient
characteristics using coldest
expected thrust chamber, high
start gas energy, and low fuel
and high oxidizer pump inlet
pressures.

Investigate S-II start transient
characteristics using coldest
expected thrust chamber, high
start gas energy, low fuel and
high oxidizer pump inlet pres-
sures.

Investigate S-II start transient
characteristics using coldest

expected thrust chamber, maxi-
mum start gas energy, and high
, oxidizer and fuel pump inlet

pressures.

Investigate S-II start transient
characteristics using coldest
expected thrust chamber, low
fuel and high oxidizer pump
inlet pressures, and high start
gas energy.

Investigate S-II start transient
characteristics using warmest
expected thrust chamber, low
fuel and high oxidizer pump
inlet pressures, and nominal
start gas energy at low tem-
perature.
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Results

The combination of cold
thrust chamber and low fuel
pump inlet pressure reduced
gas generator fuel injection
pressure to a low value which
caused delayed ignition or
poor gas generator burning
for 0. 05 sec. This resulted
in low gas generator power
for pump acceleration.

This firing was identical to,
firing 21D with the exception
of start tank pressure and .
temperatures which were
slightly lower. Results of
the two firings were the same.

This firing was identical to
firing 22A with the exception
of fuel pump inlet pressure
which was 15. 4 psi higher

than firing 22A. This higher
fuel inlet pressure resulted

in more nearly normal gas
generator operation when com-
pared with firing 22A,

This firing was identical to
firing 21B with the exception
of thrust chamber tempera-
ture. The colder thrust cham-
ber temperature for this firing
resulted in reduced fuel sys-
tem resistance and, therefore,
lower gas generator fuel sys-
tem pressures.

This firing was identical to
firing 21B with the exception
of start tank pressure. Lower
start tank pressure resulted
in decreased fuel and oxidizer
pump speeds and discharge
pressures.
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Firing Test Objectives . Results
"22E  Investigate S-II fuel pump " Fuel pump operation appears
start transient characteristics normal throughout this firing
using lower than minimum which was terminated at
specification fuel pump inlet 0.873 sec, Adequate stall
pressure. margin was maintained and no

evidence of fuel pump cavita-
tion was seen.

Specific test requirements and results are summarized in Table VI.
Start and shutdown times of engine valves are presented in Table VII.
Included in this table are prefiring valve times obtained from the final
sequence run. Engine performance data are tabulated in Table VIII.
Methods of calculation are described in Appendix IV, The pressure
and temperature at engine start are shown in Fig. 8 for the pump in-
lets, start tank, and helium tank.

The presentation of the test results in the following sections con-
sists of a discussion of each engine firing with pertinent comparisons.
The data presented are those recorded on the digital data acquisition
system, except as noted.

4.2 TEST RESULTS
4.2.1 Firing J4-1801-21A

Firing 21A was 32,575 sec in duration after a 1-sec fuel lead. A
propellant utilization valve excursion from null to full closed was made
at about tg + 10 sec (changing the mixture ratio from 5.0 to 5.5). All
engine start conditions were within specified target limits, except thrust
chamber throat (TTC-1P) temperature which was warmer than desired
by about 2°F. A summary of engine test requirements and results is
presented in Table VI. The temperature conditioning time histories of
the required components are shown in Fig. 9. Test cell pressure alti-
tude at engine start was 95, 000 ft. Test cell pressure during the firing
is presented in Fig. 10, along with engine chamber pressure which re-
flects the propellant utilization valve excursion at about tg + 10 sec.

The start conditions for this firing resulted in early main chamber
ignition (tg + 0. 950); however, the time to 550-psia chamber pressure
was not the fastest observed during this test period. The first gas
generator temperature peak was 1610°F with a second peak of 1885°F.
This second peak resulted from the late movement of the main oxidizer
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valve from the 14-deg position. Figure 11 presents selected engine
start and shutdown transient parameters. Figure 12 presents fuel pump
transient performance.

4.2.2 Firing J4-1801-21B

Firing 21B was 7.588 sec in duration after a 1-sec fuel lead. All
engine start conditions were within specified target limits with excep-
tion of the main oxidizer valve second-stage actuator temperature
which was 1°F colder than specified. A summary of test requirements
and results is presented in Table VI. The required component tem-
perature conditioning time histories are presented in Fig. 13. Test
cell pressure altitude at engine start was 112, 000 ft. Test cell pres-
sure and thrust chamber pressure during the firing are presented in
Fig. 14.

Firing 21B start conditions were identical to firing 21A with the
exception of fuel pump inlet pressure, which was 13. 1 psi lower than
for 21A. Gas generator temperature peaked at 1840°F; a second peak
of 1840°F was observed. This first peak temperature and decrease in
fuel pump stall margin are the only significant differences noted in the
start transient characteristics of firing 21B, as compared with
firing 21A. Selected engine start and shutdown transient parameters
are presented in Fig. 15. Fuel pump transient performance is pre-
sented in Fig. 16.

4.2.3 Firing J4-1801.21C

Firing 21C was 7.588 sec in duration after a 1-sec fuel lead. All
engine start conditions were within specified target limits. A summary
of test requirements and results is presented in Table VI. The re-
quired component temperature conditioning time histories are presented
in Fig. 17. Test cell pressure altitude at engine start was 107, 000 ft,
Test cell pressure and thrust chamber pressure during the firing are
presented in Fig. 18,

Firing 21C start conditions were identical to firing 21B with the
exception of start tank pressure and temperature which combined to
provide slightly higher start gas energy. Start tank pressure was
100 psi higher and temperature was 60°F warmer on firing 21C, as
compared with 21B. The pressure increase tends to spin both pumps
higher, whereas the warmer temperature lowers the oxidizer pump
peak spin speed; the net result on firing 21C was higher fuel pump spin
speed with no significant change in oxidizer pump spin speed. The first
gas generator temperature peak was slightly lower on firing 21C (1795°F),
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while the second peak was higher at 2125°F. This second peak tem-
perature occurred when the main oxidizer valve second stage moved
only slightly (about 1 deg) between tg + 1.145 sec and 1. 305 sec. Start
and shutdown transient parameters are presented in Fig. 19. Fuel
pump transient performance is presented in Fig. 20.

4.2.4 Firing J4-1801-21D

Firing 21D was 7.588 sec in duration after a 1-sec fuel lead. All
engine start conditions were within specified target limits. A summary
of test requirements and results is presented in Table VI. The re-
quired component temperature conditioning time histories are presented
in Fig. 21. Test cell pressure and thrust chamber pressure during the
firing are presented in Fig. 22, Test cell pressure altitude at engine
start was 108, 000 ft.

Firing 21D utilized a -275°F thrust chamber throat target tempera-
ture which corresponds to the coldest expected S-II thrust chamber
temperature. This temperature was the only difference in starting
conditions between firings 21C and 21D. The low thrust chamber tem-
perature on firing 21D, in conjunction with low fuel inlet pressure, re-
sulted in low-grade (or lack of) combustion in the gas generator for a
period of about 0. 05 sec after ignition of the initial mixture occurred
at about tg + 0.65 sec. The low-grade combustion was the result of
low fuel system pressures caused by the cold thrust chamber (low
thrust chamber fuel system resistance). Another result of the low-
grade gas generator combustion is seen in the decreased fuel pump
acceleration in the time period between gas generator fuel and oxidizer
valves open, and main chamber ignition at tg + 0.985 sec, as compared
with firing 21C for the same time period. Oxidizer pump speed was
also affected. Oxidizer pump speed decreased about 500 rpm more
than on firing 21C during this same time period.

Firing 21D also experienced combustion instability for a period of
120 msec which began at main chamber ignition. This is a character-
istic of cold thrust chamber firings as reported in Ref. 5. Start and
shutdown transient parameters are presented in Fig. 23. Figure 24
presents fuel pump transient performance. Figure 25 presents com-
parisons of parameters for firings 21D and 21C which illustrate the
effects of cold thrust chamber temperature on start transient character-
istics.

12
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4.2.5 Firing J4-1801-22A

Firing 22A was 32.576 sec in duration after a 1-sec fuel lead. All
engine start conditions were within specified target limits, except
oxidizer pump inlet temperature which was 0. 1°F colder than required.
A summary of test requirements and results is presented in Table VI,
The required component temperature conditioning time histories are
presented in Fig. 26. Test cell pressure altitude at engine start was
101, 000 ft. Test cell pressure and thrust chamber pressure during the
firing are presented in Fig, 27,

‘'Firing 22A starting conditions were similar to 21D; the only signifi-
cant differences were start gas pressure and temperature. The average
thrust chamber temperature was the same as that of 21D, although the
throat,temperature was 25°F warmer as read on TTC-1P which was
within target limits. The results of firing 22A are, therefore, similar
to those of firing 21D. Gas generator pressures are comparable to
those obtained on firing 21D and indicate low-grade gas generator com-
bustion in the time period between gas generator valves open and main
chamber ignition (tg + 0. 64 and 0. 985). Firing 22A fuel system pres-
sures are slightly lower in the time period between tg + 0.6 sec and
tg + 1. 0 sec than for firing 21D because of lower fuel pump spinup,
which resulted from 20-psi lower start tank pressure.

.Start and shutdown transient parameters are presented in Fig. 28,
Fuel pump transient performance is presented in Fig. 29.

4.2,6 Firing J4-1801.22B

Firing 22B was 7. 586 sec in duration after a 1-sec fuel lead. All
engine start conditions were within specified target limits except cross-
over duct temperature (TFTD-8) and start tank discharge valve closing
control line temperature. A summary of test requirements and results
is presented in Table V1. The required component temperature con-
ditioning time histories are presented in Fig. 30. Test cell pressure
altitude at engine start was 109, 000 ft. Test cell pressure and thrust
chamber pressure during the firing are presented in Fig. 31.

Firing 22B starting conditions were identical to those of 22A, except
for fuel pump inlet pressure which was 15. 4 psi higher. Comparison of
start transient parameters for these two firings shows the effect of fuel
pump inlet pressure on the gas generator. Firing 22B, which utilized
high (41-psia) fuel pump inlet pressure, exhibited a relatively normal
gas generator ignition transient. Ignition was attained as the gas
generator oxidizer valve opened, and adequate gas generator fuel in-
jection pressure was maintained to sustain combustion.
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Start and shutdown transient parameters are presented in Fig. 32.
Fuel pump transient performance is presented in Fig. 33. Figure 34
presents gas generator transient parameter comparisons for firings 22A
and 22B.

\
4.2.7 Firing J4-1801-22C

Firing 22C was 7.588 sec in duration after a 1-sec fuel lead. Engine
start conditions that were not within specified target limits were fuel
pump inlet pressure and temperature and crossover duct temperatures
(TFTD-2 and -8). A summary of test requirements and results is pre-
sented in Table VI. The required component temperature conditioning
time histories are presented in Fig. 35. Test cell pressure altitude at
engine start was 109, 000 ft. Test cell pressure and thrust chamber
pressure during the firing are presented in Fig. 36.

Firing 22C compares with 21B in starting conditions, except for
thrust chamber temperature which was approximately 200°F colder on
22C than on 21B. The result of the reduced thrust chamber resistance
is reflected in reduced gas generator fuel injection pressure which
caused a delay in gas generator ignition of about 0. 08 sec after gas
generator oxidizer valve opening.

Start and shutdown transient parameters are presented in Fig, 37.
Fuel pump transient performance is presented in Fig. 38. Figure 39

presents gas generator transient parameter comparisons for firings 22C
and 21B, '

4,2.8 Firing J4-1801.22D

Firing 22D was 7.589 sec in duration after a 1-sec fuel lead. Engine
start conditions that were not within specified target limits were cross-
over duct temperature (TFTD-8) and start tank discharge valve opening
control line temperature. A summary of test requirements and results
is presented in Table V1. The required component temperature con-
ditioning time histories are presented in Fig. 40. Test cell pressure
altitude at engine start was 112, 000 ft. Test cell pressure and thrust
chamber pressure during the firing are presented in Fig. 41.

The results of firing 22D, when compared with firing 21B results,
show the effect of a 100-psi decrease in start tank pressure. Both pro-
pellant pumps spun up to a lower level during start tank discharge on
firing 22D which resulted in lower oxidizer and fuel system pressures.
These lower pressures decreased the main oxidizer valve hydraulic
torque, resulting in a faster second-stage opening. Lower pump
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digbharge pressures also result in later main chamber ignition and longer
time to 550-psia chamber pressure. The decreased main oxidizer valve
hydraulic torque also produced a lower gas generator second tempera-
ture peak, a result of the earlier movement of the valve from the 14-deg
position. The first peak temperatures were only 65°F different.

Start and shutdown transient parameters are presented in Fig. 42,
Fuel pump transient performance is presented in Fig. 43. Figure 44
presents start transient parameter comparisons for firings 22D and 21B.

4.2.9 Firing J4-1801-22E

'Firing 22E was 0. 873 sec in duration after a 1-sec fuel lead. Engine
start conditions that were not within specified target limits were cross-
over duct temperature (TFTD-8) and start tank discharge valve opening
control line temperature. A summary of test requirements and results
is presented in Table VI. The required component temperature con-
ditioning time histories are presented in Fig. 45. Test cell pressure
altitude at engine start was 112,000 ft. Test cell pressure and thrust
chamber pressure during the firing are presented in Fig. 46.

Firing 22E was conducted, as planned, using pump inlet pressures
lower than specification minimum to evaluate fuel pump operation. Fuel
pump inlet pressure at engine start for this firing was 22. 3 psia. Pump
head-flow data indicate a wide stall margin until cutoff occurred at
tp-+.0.873 sec. Pump head-flow data do not show any evidence of pump
cavitation, although flow is approximately 600 gpm lower at cutoff on
22E than at the corresponding time on 22B which used 45-psia fuel pump
inlet pressure. Firing 22E gas generator pressures indicate late igni-
tion and poor burning, as evidenced on other cold thrust chamber/low
‘inlet pressure firings (21D, 22A, and 22C) reported herein.

-~ Engine transient parameters are presented in Fig. 47. Fuel pump
transient performance is presented in Fig. 48.

SECTION V
SUMMARY OF RESULTS

The results of the nine firings conducted during Tests J4-1801-21
and 22 are summarized as follows:

1. Low fuel inlet pressure in conjunction with cold thrust chamber
temperature resulted in delayed gas generator ignition and low

15



AEDC-TR-68-81

gas generator power until main chamber ignition was obtained.
Low inlet pressure or cold thrust chamber temperature alone
did not produce this result.

2. Low fuel pump inlet pressures did not significantly increase
the gas generator temperature peak value. Fuel pump stall
margin during start tank discharge was reduced; however, an
adequate margin was maintained on these low inlet pressure
firings.

3, Fuel pump operation appeared satisfactory, exhibiting wide
stall margin and no evidence of cavitation when an inlet pres-
sure of 22,5 psia was used in conjunction with cold thrust
chamber and high starting energy.
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Fig. 2 Test Cell J-4, Artist's Conception
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Tine 1

ndex Lines, l-sec Intervals

Engine Start

Bleed Valves Close

Oxidizer Dome and GG
Oxidizer Purge Flow

Main Fuel and ASI
Propellant Flow
Fuel Temperature 0K Signll}‘

Ignition-Phase Timer Ener-
gized 0.450 % 0.030 sec

Pump Buildup

Ignition-Phase Timer Expires
Main-Stage Signal

Purge Control Valve Closed

Nain Oxidizer Flow

GG Propellsnt Flow

| | |
He Control, Start Tank Discharge Delay
Timer, ASI and GG Sparks on Ignition-
Phase Control Solenoid Energized

oMain Fuel Valve Open
0 ASI Oxidizer Valve Open

WASI Ignition Detected
= | | I

STDV Delay 0.640 £ 0.030 sec
v

o STDV Open

e GH, Flow

v Oxidizer Turbine Bypass Valve

= STDV Closed
B MOV Starts to Open

wStart Tank Discharge Delay Timer Expires

Bypass Flow through Normally Open

zlnin-stage Control, Solenoid Energized
Sparks De-Energized, Timer Energized
o i 3.30 £ 0.20 sec

o | l | I

©GG Valves Open | |

Main-Stage OK Signal

Oxidizer Turbine Bypass Valve Closed

ASI and GG Sparks De-!:nergiz_ed

=2 M0V Full Open
[

v
90-ptlarce nt 'l‘lirust'

v

a. Start Sequence

Signal Time, sec

o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Cutoff Signal

GG Valve Close (Oxidizer)
GG Valve Close (Fuel)

ASI Oxidizer Valve Close
MOV Close

Main Fuel Valve Close

Oxidizer Dome Purge and GG
oxidizer Purge on

He Control Solenoid
De-Energizes

Bleed Valves Open

b.

Shutdown Sequence

Fig. 7 Engine Start and Shutdown Sequence
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Time Index Lines, l-sec Intervals

Fire Command
Prevalves Open Signal

Recirculation Pumps
Off Signal

Recirculation Valves
Close Signal

Engine Start Signal

Start Tank Discharge
Valve Open Signal

1

1Nomina1 Occurrence Time (Function of Prevalves Opening Time)
2One-sec Fuel Lead (S-1I/S8-V and S-IVB/S-IB)
3Eight-sec Fuel Lead (S-1VB/S-V and S-1IB Orbital Restart)

c. ""Normal’’ Start Sequence

Time Index Lines, l-sec Intervals

Fire Command
Prevalves Open Signal

Engine Start Signal

Oxidizer Recirculation
Pump O0ff Signal

Fuel Recirculation
Pump Off Signal

Recirculation Valves
Close Signal

Start Tank Discharge
Valve Open Signal

i

A

1

]

lrnree-sec Fuel Lead (S-IVB/S-V First Burn)

d. "“Auxiliary’’ Start Sequence

Fig. 7 Concluded
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TEMPERATURE, &

SYM CODE
o A o
o 28 P FSATURATION
- v 21C — LINE T
-280F o 2D
- @ 22A 'l o /
. ® 28
A 4 22C .
e 20 _A€—SAFE START ENVELOPE
- e o |
] START 2IA, B, C, D
i TARGET 22A, B, C, D
(= ]
2%
-300
20 30 & 50
PRESSURE, PSIA
a. Oxidizer Pump Inlet
- [ 1] .
SAFE START ENVELOPE ~ 1
SATURATION LINE ; 1]
. s
= = =
g —ZTan)
< -420 .
e 228 21A, 228
21B b
& 1 e |
224, C, D 21C
-425
20 30 40 50

PRESSURE, PSIA

b. Fuel Pump Inlet
Fig. 8 Engine Start Conditions for Pump Inlets, Start Tank, and Helium Tank
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Temperature, F

Temperature, %

*CALCULATED FROM
""TABLE OF THERMAL
PROPERTIES OF GASES",
NBS CIRCULAR 564,
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TABLE |
MAJOR ENGINE COMPONENTS

Part Name . P/N S/N
Thrust Chamber Body 206600-31 4072755
Thrust Chamber Injector Assembly 208021-11 4071421
Fuel'Turbopump Assembly 460160-31 4072328
Oxidizer Turbopump Assembly 458175-81 6645876
Start Tank 303439 0038
Augmented Spark Igniter 206280-81 4078806
Gas Generator Fuel Injector and Combustor 308360-11 4088543
Gas Generator Oxidizer Injector and Poppet Assembly 303323 4091740
Helium Regulator Assembly 556948 4072709
Electrical Control Package 502670-11 4078604
Primary Flight Instrumentation Package 703685 4077391
Auxiliary Flight Instrumentation Package 703680 4077313
Main Fuel Valve 409120 4062472
Main Oxidizer Valve 411031 4089563
Gas Generator Control Valve 309040 4074190
Start Tank Discharge Valve - 306875 4081218
Oxidizer Turbine Bypass Valve 409930 4093026
Propellant Utilization Valve 251351-11 4068732
Main-Stage Control Valve 555767 8284307
Ignition Phase Control Valve 555767 8284305
Helium Control Valve NA5-27273 340919
Start Tank Vent and Relief Valve 557818 4062234
Helium Tank Vent Valve NA5-27273 340918
Fuel Bleed Valve 309034 4077233
Oxidizer Bleed Valve 309029 4076750
Augmented Spark Igniter Oxidizer Valve 308880 4089946
Pressure-Activated Purge Control Valve 557823 4075865
Pressure-Activated Shutdown Valve Assembly 557817 4067200
Start Tank Fill/Refill Valve 558000 4072899
Fuel Flowmeter 251225 4076564
Oxidizer Flowmeter 251216 4077137
Fuel Injector Temperature Transducer NA5-27441 12350
Restartable Ignition Detect Probe NA5-27298T2 329
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TABLE 1l

SUMMARY OF ENGINE ORIFICES

Orifice Part Diameter, Date Co ent

Name Number in. Effective TRLLLS
Gas Generator RD251-4107 0.500 December 21, 1967 Changes made to
Fuel Supply 0.489 January 4, 1968 obtain desired
Line performance level.
Gas Generator RD251-4106 0. 284 December 21, 1967 Changes made to
Oxidizer 0. 276 January 4, 1968 obtain desired
Supply Line performance level.
Oxidizer Turbine RD273-8002 1. 430 November 29, 1967 Change made to
Bypass Valve obtain desired
Nozzle performance level.
Oxidizer Turbine RD251-9004 10. 00 January 18, 1966 Installed before
Exhaust engine delivery
Manifold to AEDC.
Main Oxidizer 410437 7.52 scfm December 21, 1967 Changed to obtain
Valve Closing desired valve
Control Line opening time.
Augmented Spark 406361 0.125 December 21, 1967 Changed to update
Igniter Oxidizer engine configuration.
Supply Line

18-89-31-2Q3v
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TABLE I}

ENGINE MODIFICATIONS
(BETWEEN TESTS J4-1801.20 AND J4-1801-22)

Modification

Completion
Date

Description of
Modification

RFD-AEDC 83-61*

December 17, 1967

Install stud drive, thick-
wheel fuel turbopump
assembly P/N 460160-31-
S/N 4072328

RFD-AEDC 84-67

December 17, 1967

Re-orifice to obtain
230, 000 1b thrust level.
GG fuel orifice 0.500 in.
GG oxidizer orifice

0. 284 in.

RFD-AEDC 85-67

December 18, 1967

Install thermostatic-
orificed MOV

P/N 411031- S/N 4089563
Sequence Ramp Time -

1900 +20

-10 msec

RFD-AEDC 86-67

December 15, 1967

Install 0. 125 ASI oxidizer
Orifice

Test J4-1801-21

December 21, 1967

RFD-AEDC 87-67

December 28, 1967

Re-orifice to obtain
230, 000 1b thrust level,
GG fuel orifice 0.489 in.
GG oxidizer orifice

0. 276 in.

Test J4-1801-22

January 4, 1968

*RFD - Rocketdyne Field Directive
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TABLE IV
ENGINE COMPONENT REPLACEMENTS
(BETWEEN TESTS J4-1801-20 AND J4-1801-22)

Replacement

Completion
Date

Component
Replacement

Test J4-1801-21

December 21, 1967

UCR 007346%

December 30, 1967 Fuel pump turbine shaft seal

NA5-26628 P117

UCR 007346

December 30,

1967 Fuel pump intermediate shaft
seal NA5-260115 SO72

UCR 007349

December 30,

1967 Fuel pump primary seal
drain check valve
P/N 557751 S/N 3811483

Test J4-1801-22

January 4, 1968

*UCR - Unsatisfactory Condition Report
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TABLE Y
ENGINE PURGE AND COMPONENT CONDITIONING SEQUENCE

Time, min

t - 80 t-170 t - 60 t - 50 t - 40 t - 30 t-20 t-10 t-o0 t+ 10
Turbopump and Gas Helium; 82 - 125 psia
Generator Purge 50 - 200°F 2-min Minimum Following
(Purge Manifold (Nominal) 8 scfm Recirculation
Syatem) at Customer Connect Propellant Drop 1to 3 Inh! — -
Oxidizer Dome snd 1 sec (Supplied by
Gas Generstor Liquid | Nitrogen; 400 1 25 psig Engine Helium Tank
Oxygen Injector 50 - 200°F 3 min during Start and
{Engine Pnecumatic {Minimum) 230 scifm Cutoff Transients)
System) :
L
On at Engin
Oxidizer Dome Nitrogen; 400 - 450 psig ly' . Em.,;s i 7
P = | ) s 555
Port COA3) (Nominai) 200 scfm 2 9
Oxidizer Turbopump Heiium; 400 t 25 psig M Ope
Intermediate Seal Ambient W CS::::::‘:,' gner;‘:nn-‘
Csvity (Engine Temperature .4 Helfum Tank)
Pneumatic System) 2600 - 7000 scfm
Hellum; 40 - 60 psig
Thrust Chamber - 50 - 200°F an st e 15 mh%
Y aclcat (Nominal) 60 scfm
(Customer Conneet)

Panel

Helium; 12 - 14 psig
50 - 200°F
(Nominal) 10 sefm

Thrust Chamber

Heiium; 1000 psig

Temperature -300°F to Ambient
Conditioning 10 - 20 lbpyy /min
Pump Inlet Oxidizer; 35 to 48 psia
Pressure and -298 to -280°F
Temperature Fuel; 28 to 48 peia
Conditioning -424 to -416°F

Hydrogen Start Tsnk
and Helium Tsnk
Pressure snd Tem-
persture Conditioning

Hydrogen; 1200 to 1400 psia
-300 to -140°F

Heiium; 1700 to 3250 psia
-300 to -140°F

Crossover Duct
Tempersture
Conditioning

Helium; -300°F
to Ambient

46 m.

Main Oxidizer Valve
Actuator Tempera-
ture Conditioning

Heiium; -300°F
to Ambient

Start Tank Discharge
Valve
(Conditioning)

Helium; +40°F to +80°F

o Component conditioning to be maintained within limits for last 15 min before engine start.
Component conditioning to be maintained within limite for last 30 min before engine start.

18-89-d1-203v
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TABLE VI
SUMMARY OF TEIT REQUIREMENTS AND RERILTS
21A 218 2ic | 215 224 228 e 220 f 228
Firing Number, J4-1801-
Turget ] Aatual Target l Acaint Tergel [ Artual Targat [ Actual Target I Artual Targst ] Actual Target I Actual Target l Actuul Target Actusl
Time of Day, hr/Firing Date 1515 177187 L ST 2438 jiiimmm———— et T-4-12 {1237 T-4-68 1''%® T.4.6n 11193 Tei-08
Pruessure Altltule 2t Engine Start, fi --- 5, 00N cee 112, 000 e-o 108, 000 == 101, 000 oo- 108, 00C ceo 100, DOO cee 112, 000 I see 112, 00
Firing Duration sec © 33.3 31.57 7.5 7.588 1.9 7. 588 7.8 7. 960 32.B 3:.078 1.1 7.388 7.8 7.584 1.5 7,588 | (N ) 0,871
- o1 = I -1 - 18,57} O - ] 1 <1
Fuel Pump Intet Conditions Preanure, pela 41.0¢ 1 40.1 1.0 -0 2%.0 28.5 .0 8.9 I 23.3 8.5 25,9 [ 5.6 41.0¢ 1 41.0 3.5 g 26.8 28.3 -0 .2 21.% .0 22.3
at Engine Start Temporsture, *F 42t1. 44 0.4 -421.@ -4%0.9 ¢ 0.4 ~420_ A I -421 tan 4 -434. 3 -420.1 * -420.1 -421. 42 0.4 -421,1 -421.42 0,4 -421,5 421,42 0.4 -420.7 -421.42 0.4 -421. 4 -421,820. 4 -421.2
Oxidizer Pump .nlet Pressure, pela 45,04 1 45,2 ©B.0s21 4@,y I 45,0121 44,9 .01 45,2 46,021 9.3 40,02 45,1 445,0¢ 1 4.9 43,0 "4 20.02 1 2e.1
Cenditions: ol Kagine Rart Temperature, °F J -204.520.4] -2048 a5 e 04| -2:as -204.5104 | -200.8 2040204 -294.8 +194.3 2 0.4 -28.0 -we. 5204 -204.2 296,52 0,4] -3940 l-auc.b 0.4 204,58 -39 020.4] 2947
Start Tark Conditioas Preaaure, pula 1300 ¢ 10 130 1%0 ¢ 10 1iC8 1400 ¢ 10 140% 1400 ¢ 10 1400 | 1380 2 10 388 13801t 10 1380 1300 ¢ 10 1304 1200 ¢ 10 1203 1400 * 10 1409
st Engine Siart Temperature, °F -300 £ 10 - 284 -100 ¢ 10 - 508 -240 £ 10 243 -240 ¢ 10 -242 -270 10 -272 -110¢ 10 -270 -300 ¢ 10 -298 <300 2 10 -399 <340 210 -4
Hellum Tank Cencitions Pressure. psia -l n. by 637 213 I = 2043 vee 1190 .- 2281 .- 2230 2238 -- 267¢C
at Engine Siart Temperature, °F = -289 wiold «205 -7 -240 I -242 .- -287 .o -247 o= -291 ceo - 246 — -23¢
Thrust Chamber Tempersturs Throat ] -130 239 -128 -130 ‘}8 -143 -150 *ig -132 l 275 * ,5 -27% -250 £ 28 -268 -280 ¢ 258 288 -250 1 25 -287 <150 ’;; -191 -29%0 4 25 -3
Conditions at Esagine Stary, °F Avarsie H o 174 eos -189 PO -173 =300 .--- -301 .oe -208 coe - 299 I = -204 - =291
TFID-2 || %013 58 0228 3 30¢ B 4z soe3s | 41 80¢ 28 20 50138 2 R 1w | se:m T 5Ct 25 3
Crossover Ducl Teggperature
at Engine Start, *F TFTD-) " b0+ 28 74 50: M S0z 28 64 s50e2 | 08 $03% 25 1) 80z 2% 37 50 ¢ 29 1 30 4 23 » SC ¢ 25 LT
TFTD-8 50 ¢+ 28 33 02 25 g7 30 > 30 I $0 ¢ 28 . 41 50228 23 50 = 29 19 S0+ 28 20 30 ¢ 28 19 3+ I3 19
Main Oxigizer Valve Closing Corrrol Line - . - .. [ - Z k - o e o
Temperature a1 Engine Sisry, °IF " . I " * o 14 oy -0 I i 4 20 -2 o
Main Oxitlacr Valve Second-Stags Actuator F =
g g - 3 o v a . 3 = -122 - -~ J -104 - = e T
Temperature at Engine Start, *°F 100 2 23 " 100 ¢ 36 28 100 ¢ 28 115 1002 23 11¢ 100 ¢ 50 1 1002 B0 134 100 + 50 10 100 & 30 139 1
FPuil Lasd Tiua, pec® 1.00 ¢ 0.0% 1. 000 1.50 ¢ 0.0 1. 100 1.00 2 €. 05 1. 009 1.00 2 0. 05 1.010 1,0+ 0,08 1. 001 1.0¢0,08 1, €00 1.02 0,05 1.000 1.0 2 0,08 1.003 1.0£0.00 1.002
Propeilant in Exgine Time, min e o) o ns eoe 113 .- 38 Sty 3 — 30 i 6y i 30 e i n
Propellamt Recirculstion Time, min I : 10 e 11 10 1 10 11 n 11.8 10 34.5 1) 10 10 10 10 11 10 10
Prevalve Sequercing Logile Normal Nourraal Normal Normal Normal Normal Normal Normal Normal Nermal Normal Norma. Narmal NOrmel Normal Normal Nurmal Hus sl
TOBS-2B .- 18 1 --- 1 - -- 10 -6 --- 7 v 1 “ee 24
Bootat Line T rature
ot Bl Sk o e TORS-3 —- -2 -3 - pr - -8 | - -2 - .35 e -12 ) ] 6
TORS-4 H o -41 eoe -9 .ss 43 ceo -44 T -64 .- -7 eese 44 P, -39 I . 57
Start Tank Uiscnarge Valve mr:" 50 2 28 51 30+ 38 n $0 ¢ 35 41 50t 35 k1 50 ¢ 25 28 50 = 28 21 30t 2 23 TER 3] l 502 2D 1
Temperature at Engine Start,
Gas Generator Contral Vsive Bocy I = 4
pos 4 p— (3 P 3 J— 4 e = kY po— o S P 18
Temperature at Engine Start, °F - - 18 4 ¥
soe eee coe -— LR RS cce cs e LRy ] .- (1]
Vibration Ssfety Counts Nuration {maec) and v - e . ey o wy e "
Occurrence Tine (vec) from tg ¥ 0. 9850 0.970 ket 0.9 — 0. 879 --- 0. 900 (.98 eee 0. #8% eee 0, 990 ---
- JOU &
Gas Generstor Outlut 1ni1lal Peuk H — 1610 oo 1140 .-- 1708 l .- 1860 con 1740 oo 1770 189V I - 17170 cee (o -4 1.‘0 o
Tewparsture, °F Overshom | - o 1888 see 1140 .e- 2135 .e- 1683 oee 1500 cee cee ses see I .- 1660 I --- L
Main Chamber lgnitien (Pg « 100 puia) voe 0.95%0 — 0.070 0,078 < ore 0. 985 ces 0.983 .ee 0. 865 - 0. b8y I i 0. 990 .se soe
Time, eec (Ref tp)
g e
Main (hidisar Valva § d-Stawe Initial B 1.140 / i . . = e @ v A
Niwiarmanl, Sos Cliel. ot 1.800 1120 @ T 1.070 /43* 1,030 1.028 1.189
Main-Stage Pressure No. 2, secifel, 1010 b 1.570 1,845 1. 995 1. 868 --- 1. (00 1,640 .- 1,795 .- 1. 850 -ve £=2
opi talned,
BSOS NS, ST W0 - 1,878 - 1883 . 1.898 e 1,898 .ee 1.973 on 1.9%0 — 2. 008 - 1.992 --- -e-
(Ret. 1)
Propellant Uttismation Valve Posltion at Engine 0 0 l o 0 0 0 0 0 v u 0 0 Y o ° ¢ 0 o
Buart, dcg Togine Start/tp » 10 sec g -33 -33 e oy e : o= = ~ -33 -33 b2t e s - < ine b, L — e
Notes: obnla Recuced {rom Oscillogram. £on

ocompnnmt Conditioning ta be Maintained within Limis for Last 15 mi1 before Englne Sart,
.Ce-pnnml Conditoning 1o be Malntalnnd within Lim'ts {or Last 3) mt1 before Englne Sart,

et)nly 1 deg of Movement between theae Times,
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TalLE VI
ENCING YALYE TININGS
Start Shutdown
A
Main Oxldizer Vailve Main Oxitizer Vaive, Gus Generator Gas Generstor Oxidizer Turbdine
Start Tank Dischiarge Valve Main Tuel Valve g ; o Main Fuel Valve Man Oxidi v Gas Ganetator Gaa Generator Oxidizer Turd
NN":‘ -Firat Stage Secoyvd Slage Fuel Poppet Oxigizer Poppet Bypass Valve " o Tiwd Fuel Pojpet Oxicizer Poopet Bypasa V.nv:"
mmber
Je-1801 - Time [Valve | Valve Time |Valve | Valve Time [/alve] Valve Time |Valve | Valve Time [Valve | Valve Time |Valve | Vilve Time [Valve VM"‘,L Time [Veive| Vaive Time Vaulve | Valve Time |vVaiv v ¢ = x
o Drlay |Opening of Delay | Cloaing of Jetay | Opening of Delay POpentag of Celay |Opening of Delay [Opening af Delay | Opents of Dwiay | Clostig of Delay | Closing of Dqla; Cl:vl; Tf:‘ g:::' g‘;l';! Tl Valve | Vailve | Time |Valve| Valve
Opening|Time, | Tims, |Closing|Time,| Time, | Opening |Time.| Time, Cpeatng [Time, | Time, |Opening |Time, | Time, | Opening|Time, | Time, Opening [Tine, | Time, | Closing |Time,| Time, | Cloaing | Time,| Time, | Closing | Time.] Time B 1';;3 - sing Mhet .?-IAV Clowing of Delay|Opening
Signal | eec aec Signal | sec sec Sigral | sec sec Signel | sec sec sygnal | sec aec Signal | sec e Stgnal | sec onc Signal | sec | aec | Siganl | wec o Signal | sac = Mensl | soc ] .::"' s;:‘;‘ ::" Tlme, OBMI l.‘ TimeJ Time,
o sec gna sec see

13A o 0.1400 0.125 | 0.450 |0.080] 9.235 | -1.000 |r.0%0| o.000 | 2.450 [o.065] a0s0 | 0,430 |c.740| 2.140 | @ 450 [0.115 | 0.025 § 0.430 |0.185] 0,090 | 0.430 10.233} 0.2% 0 0.132] 0.328 0 0,080] 0,180 0 0.05C | 0.02% o (o020 020 0 0.225] 0.470

11H 0 0.140) 0.130 | 0,800 |u.uvu| v.232 -t.0v0 |v.093] o.07s 3.¢00 |0.083 | o 080 0,420 |e.va0| B_1BO o420 |O.118 | 0,630 0.450 0.100] 6. 072 9,450 0,333} 0,24 0 .18 | 0,30 o 0,000 | ©.1e0 ] 0.0%3 ] 0,020 v u.v2v u. 922 0 n. 220 o' 489

11C 0 0.140] 0.138 0.460 |0.08%5 | 1,240 -1.008 |).000{ o0,06S ). 450 0.085 | & 060 0.450 |¢.708] 2.180 Q€0 |o0.113 ] 0,025 0,450 |0.190] 0, 0T 0,450 0.223] 0.2% 0 0.14)] 0,385 (] 0.000}f 0.178 [ 0.000] 0.030 0 0. 020 G. 020 0 -0'210 0.(“

211D o lotes) o 130 | 0.450 0.0e8 | »,235 | -1.010 [1.099| 0.070 | >.450 [o0.085] @035 | 0.450 . 503 2.240 J 0460 |0.113 | 0.030 | 0.450 ]0.190| 0.070 | 0.450 je.230| 0.3m 0 0.13)] 0,343 0 0.01 | 0.173 0 0.0 | 0. 020 o Jo.01| 0. 028 . o-mo o, -

re-Fire - —— - s

Pre-¥ ] e o.ce8] 0,110 | 0.450 |0.095| o, 255 1.020 |.o4s| 0.070 | ». 450 Jo.050| e.030 | 0.450 [c.640] 1.930 § a 450 |o.087] 0.030 | 0.450 |o.345]| 0.0es | 0,459 Jo.220] 0.2m 0 0.08: | 0.23 o Y

it S ol : 0.0401 0,135 § o |o.080] 0.028 0 lo.oso|o.e20] o |o.210]0.538
22A 1] 145 | 0,138 0,445 |0.0080] 2.2)0 -1.001 |».0¢0| 0,080 0.445% |0.0e0] (. 080 0.443 Jc as0| 2,000 Q445 |0.115 ] 0.€30 0.44% |0.190 ] 0. 063 0.14% J0.240] 0.268 0 0.13] 0,35 (1] 0.080] o.135 0 0.050{ 0.020 0 0,02
228 0 0.145] ©.135 0.445% |O0.080] ).240 -1.000 .080| h, 06D 0. 443 0.0%% (. 0556 D.443 €995 3.169 Q 44 U. 118 [ERPE 1) 0,445 |y, 19 | 0, VBV VU, v, 140 0,270 (<] 0.138 0, 360 ] 0.070 0.18% (<] n'mo O- 020 (] 0'02:. R - =

v - ‘ - - 9s . 0.020
22C a 0.140| 0.13 0,445 |0.095] ), 245 -1,000 |o, 080 | 0,060 0.443 |O0.060 ]| (.08 0.44% ¢, 085| I, 160 0445 |0.115 ] 0,040 D. 449 (0.190 ] 0.070 9,138 |0,240] 0.2°5 0 0.1 | 0. 30 [ 0.070] 0. 180 0 0.053] 0,020 0 0.028] 0.02 L 0.205] 0.39%%
21D [} 0.140| 0.12% 0.445 |0.085 ] ), 240 -1.002 . 080 | 0.080 0.44% | 0.09 (. 038 0.445 [C. 713 2,020 Q445 0. 115 | 0.030 0.445 |0.:%d ] 0. 080 0.345 |0.23] o0.2%0 [¢] 0.10 0. 336 [ 0.013] 0,188 ] 0.060 0'020 0 0-030 -:20 . 18812 209
= A y ) . 0, 020 0 .

220 o Jo.14s] 0.135 | 0.445 0.000| 3,240 § -1.002 p.0s0| 0.005 § 0.445 }0.083) (.088 § --- eee | --- J @445 Jo.115| 0,030 || 0.443 o195 ] 0,078 | 0.148 Jn.228] 0.2 o 0.110| 0.%8 ] o 0.030 | 0.033 0 o.ot0] 0.020 o lo.oeo| o 000 e -
Pre Fire - 4 .02 E . 0 0 0.050] 0.330
FemiSequance| ©  [0.100] 0.115 | 0.448 Jo.osu]| 3.248 § -1.000 p.ods| 0.070 | 0.445 |0.050| .05 | 0.443 (.620] 1.925 § Q. 445 Jo,080 | 0.020 0.44% 10.1301 0.063 | 0.145 ]0.235) 0.2%0 o 0.010| 0.243 0 0.085] 0,135 ° 0.080| 0.015 o |o.000] 0.020 0 0.203] 0,490

Notwes: 1. All valve signsl limen s7e referenced to 1.

2. VYalvedelay time is tha time required for initial valve movement after the vave
Final sequence check §2 conGucted withou: propellasts asd vithin 12 hr before temting,
Data reduced from oecilogrsm.

108

"open” or valve “closed” rolenos! hus

been ensryited.
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TABLE Vil
ENGINE PERFORMANCE SUMMARY

21A 22A
Firing Number J4-1801-
Site Normalized Site Normalized
Thrust, lbg 246, 602 244,516 237, 647 236,087
Overall Cl}amber Pressure, psia 822 812 795 787
Engine Mixture -Ratio 5.373 5. 407 5.418 5.411
Performance Fucl Weight Flow, lbm/sec 88.75 87.28 85.59 84,78
Oxidizer Weight Flow, lbpy,/sec 476. 88 471,93 463.74 458,78
Total Weight Flow, lbm/sec 565.64 559. 21 549, 33 543,56
Thrust Mixture Ratio 5.571 5.610 5.618 5.613
Chamber Total Weight Flow, lbm/sec 558.17 551. 80 542,21 536. 49
Performance Characteristic Velocity, ft/sec 8062. 8 8050.9 8027.6 8028. 3
Pump Efficiency, percent 73.5 73.5 73.9 73.9
Pump Speed, rpm 28, 237 28,016 217, 481 217, 320
Fuel
Turbopump Turbine Efficiency, percent 64.1 63.9 63.4 63.3
Performance Turbine Pressure Ratio 7.25 7.25 7.25 7.25
Turbine Inlet Tcmperature, °F 1233 1220 1209 1191
Turbine Weight Flow, lbp/sec 7.47 7.41 7.11 7. 07
-Pump Efficiency, perccnt 80.4 80. 4 80. 4 80. 4
Pump Speed, rpm 8899 8843 8664 8611
Oxidizer
Turbopump Turbine Efficiency, percent 49.8 49.17 49.0 48.9
Performance Turbine Pressure Ratio 2.65 2.65 2,66 2,66
Turbine Inlet Temperature, °I 793 784 776 763
Turbine Weight Flow, lbm,/sec 6.62 6.57 6.30 6. 27
Gas Mi . 5 ¢
Generator ixture Ratio ) 0.959 0.952 0.945 0.934
Performance Chamber Pressure, psia 727 719 690 683
Notes: 1. Site data are calculated from test data.
2. Normalized data are corrected to standard pump inlet and enginc
ambient pressure conditions.
3. Inpul data are test data averaged from 28 to 30 sec.
4, Site and normalized data were computed using the Rocketdyne PAS'T 640 modification

zero computer program,

18°89-41-3Q3V
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APPENDIX 1l
INSTRUMENTATION

The instrumentation for AEDC Test J4-1801-21 and 22 is tabulated
in Table III-I. The location of selected major engine instrumentation is
shown in Fig. III-1.
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TABLE llI-1
LIST OF ENGINE INSTRUMENTATION

AEDC Tap Miero- Magnetie Oscillo- Strip X-Y
_Code_ Parametcr No. Range SpADIC Tape  graph Chart Ploticr
Cuarrert amp
1CC Control 0to 30 x X
1c Igmton 0 to 30 X X
EECL Engine Cazaf{ Loclan On/0: x X
EECO Engine Cutof{ Signal On/Oft x x X
EES Enginc Start Command On/Oft X X
EFBVC Fue! Bleed Valve Closed Limit Open/Closed x
EFJT Fue. Injector Temperatare On/orf X x
EFPVC/O  Fuel Prevalve Closed/Open Lamat Closed fOpen x x
EHCS Helium Control Solenoid On/Or! X x
EID Ignitien Detected orloff x X
EIPCS . 1gnition Phase Control Solenoid On/ori x x
EI;IICS * * Main-Stage Control Solcnold ) On/orf x x
EMP-:I}"‘. Maiwn-Stage Pressure No, 1 OnjoOIr x x
EMP-2 Mawn-Stage Pressure No. 2 On/jOIE x x
EOBVC Oxidizer Bleed Valve Closed Limit Open/Closed x
EQPVC Oxidizer Prevalve Closed Limit Closed x x
EOPVO Oxidizer Prevalve Open Limat Open x x
ESTDCS Start Tank Discharge Conirol
Solenoid OnjoOrt x X X
Sparka
RASIS-1 Augmerted Spars Ignlter Spark
No. 1 On/orf x
RASIS-2 Augmented Spark Igmter Spark
No. 2 x
RGGS-1 Gas Generator Spark No, 1 On/jo:r
RGGS-2 Gas Generator Spark No. 2 On/Ofr X
Flows gpm
QF-1A Fucl PFF 0 to H000 x x
QF-2 Fue! PFFA 0 to 9000 x x x
QFRP Fuel Recirculatlon 0 to 160 X
QO-1A Oxidizer POF 0 1o 3000 X X
QO-2 Oxldizer POFA 0 to 3000 X x X
QORP Oxidizer Reecireulation 0to 50 X X
Poaition Percent Open
LFVT Main Fuel Valve 0 to 100 x X
LGGVT Gaa Generator Valve 0to 100 3 x
LOTBVT Oxldizer Turblnc Bypaaa Valve 0to 100 x x
LOVT Main Oxidizer Valve 0to 100 x x X
LPUTOP Propellant Utilization Valve 0 to 100 X x X
LSTDVT Start Tank Dlacharge Valve 0tal20 X
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AEDC
Code

PAl
PA2
PA3
PC-1P
PC-3
PCGG-2
PEAS1Y

PFJ-1A
PrJ-2
PEIGG-1A
PFJGG-2
PFM1
PFOL-1A
PFPC-14
PFPD-1P
PFPD-2
PFP1-1
PFPI-2
PFPI-3
PFP5-1P
PFRPO
PFRPR
PFSI'-1P
PFST-2
PFUT
P¥V1

PFVL

PHECMO
PHEOP

PHET-1P
PHET-2
PHRO- 1A
POBSC
PCBV

PQ.I-1A
POJ-2
PQJGG-1A

TABLE 111-1 (Continued).

Paramcter

Pressure
Test Ccll
Test Cell
Test Cell
Tnarust Caamber
Thrust Chamber
Gas Generator Chamber

Aagmented Spark lgriter Cuel
Injectica

Aain Fuel Injection

Main Fuel Injection

Gas Generator Fuel Injection
Gas Generatar Fuel Injuction
Fuel Jacket Inlet Mamfold

Fuel Tapolf Orifice Outlet

Fael Pamp Balaree 2isten Cavity
Fuel Pump Discharge

Fuel Pump Discharge

Fuel Pump ln_et

Fuel Pump Inlet

Fuel Pump lnlet

Fuel Pump Interstage

Tuel Recirculasicr. Pump Outlet
Fuel Recarcu.ation Pump Retuer
Fuel Start Tank

Fuel Start Tank

Fuel [ack Ullage

t'uel Tank Repressurization Lane
Nozzle Inlet '

Fucl Tank RepressJarizaiion Line
Nozzle Threat

Pneumat:c Control Module Outlet

Oxidizer Recirculation Pump
Purge

Helium: Tank

Helium Tank

Helium Regulator Qutlet
Oxieizel Bootstrap Cordiioning

Ges Gererator Oxazzzer Blece
Valve

Main Oxidizer Injection
Main Oxidizer In_ecetion

Gas Generator Oxidizer Injectior

Tap

CG1
CG1A
GGI1A

Cr2
Cr2a
Gr4
Gr4
CF1
HEZ
rrs
Pros
PF2

PF§

GoO2
CO:
CO3A
GO5

Micro- Magnetic Oscillo- Strip  X-Y

Range SADIC Tape graph Chart  Plotter
psa
0to 0.5 x b 4
0to 1.0 x X
0to 5.0 X x .
0 %o 1230 x x
0 to 1000 X x x
0 to 1000 X
020 1033 ’ ]
0 to 1000 x
0 to 1000 x X
0 to 1000 x
0 to 1000 x x
0 to 2000 X
0 to 1000 x
0 to 1000 *® '
0 to 1500 X
0 to 1500 x X x '
0 to 100 x X
J to 200 x X
0 to 200 b 4 x
0 to 200 x
0:0 &0 X
010 50 x
0 1o 1500 X x
0 to 1500 x x
% to 103 x '
0to 1000 x -
0 o 1000 x
0 to T50 X
0 to 150 4
L to 353C x X
0 to 300 x x
0 to 750 X x
0 10 50 X
0 to 2000 x ‘
0 to 1000 X
0 to 1099 b 4 X
& te 1938 x b 4

112



AEDC.TR.68.81

TABLE [fl.1 (Continued)

AEDC Tap Micro- Magnetie Oscilla-  Stnp X-Y
Code Parameter No. Renge SADIC Lape  graph Chart Plotte:
Pressure

POJGG-2 Gss Generator Oxidizer Injection GOS 0 to 1000 X
POPBC-1A Oxiclzer Pump Bear:ng Coolant  PO7 0 to 500 X
POPD-1P Oxidizer Pump Dischsrge PO3 0 to 1500 X
POPD-2 Oxidizer Pump Dischsrge PO2 0 to 1500 X X H
POP1-1 Oxidizer Pump Inlet 0 to 100 b X
POPI-2 Oxidizer Pump Inlet 0 to 200 x H
POP1-3 Oxadizer Pump Inlet 0 to 100 X
POPSC-1A Oxdizer Pump Primary Seal

Csvy PO6 0to 50 b
PORPO Oxidhzer Recireu.ation Pump

Outlet 0to 116 x
PORPR Oxidizer Receirculation Pump

Return 0 to 100 X
POT1-1A Oxidizer Turbine Inlet TG3 0 to 200 x
POTO-1A  Oxadizer Turbine Outlet TG4 0 to 100 X
POUT Oxidizer Tsnk Ullage 0 to 100 X
POVCC Main Oxnidizer Valve Closing

Control 0 to 500 X x
POYV1 Ox:dizer Tenk Repredsurization

Line Nozzle Inle: 0 to 1000 x
POVL Oxidizer Tank Repressurization

Line Nozzle Throat 0to 1000 X
PPUVI-1A Propellant UtiliZzation Valve Inlet PO8 0 to 1000 X
PPUVO-1A Propellant Utilization Vslve

Outlet POS 0to 500 X
PTCFJP Thrust Chamber Fucl Jseket

Purge 0 to 100 X
PTPP Tarzopumy and Gas Generazor

Purge 0:0 250 x

Speeds rpm
NFP-1P Fuel Pump PFV 0 to 30, 000 X x X
NFRP Fuel Reeirculation Pump 0 to 15, 000 X
NOP-1P Oxadizer Pump POV 0 to 12, 000 X x x
NORP Oxadizer Reeireulstion Pump 0 to 13, 000 X
Temperatures °F_

TAl Test Cell {Kerth) -50 =0 ~800 X
TA2 Tes: Cell {East) -850 to +860 x
TA3 Tes: Cell (South) -50 to +800 X
TA4 Tcst Cell (West) ~50 to +800 X
TAIP-1A Ausahiary Instrument Package -300 to +200 X
TBHR-1 Hchium Regulator Body {North

Side) -100 to +50 X
TCLC Maan Cxidizer Valve Closing

Control Line Conditioning -325 to +200 x
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TABLE IlI-1 (Continved)

ALEDC Tap Micro- Magnetic Oscillo- Strip X-Y
_Cade Parametor No. Range SADIC Tapc . gravh Chart Plotter
Ceraperazures i)
TECP-12 E.cctrical Cantrols Package NS5T1A -300 to -280 x x
TFASLY Augmentes Spark [gnyter Fael
Injection 1FT! -425 to ~100 X X
TFBV-14A Fucl Bleed Valve GFT1 -425to -375 X
TEJ-1P Main Fuel Injection CFT2 -425 to +250 X X
1 FPI>-1P Fucl Pump Discharge PFT1 -425 10 -400 x x x
IrFPD-2 Fuel Pump Discharge PFT1 -425 to -400 x
TEPCD Fuel Pamp Discharge Duct -320 o +300 X
I'FP1-1 Fail Pamp Iniet -425 10 -400 x x
I[IFP1-2 Fael Pump Inlet -425 10 -400 x x
TFRPO Fuel Recirculation Pump Outle: -425 to 410 X
I'FRPR Fuel Recirculation Pump
Return Lane -425 to -250 x
TFRT-1 IFuel Tank -425 to -410 X
CFRT-2 Fuel Tank ~-425 to -410 X
TI'ST-1P Fuel Start Tank TFT1 -350 to +100 x
TRET-2 [Fuel Start Tank TrT1 -350 to +100 x X
THID-2 Fuel Turbine Dzscaarge Duct -200 to +800 x
‘TFRCD-2 Fuel Turbire Discharge Duct -200 to +1000 X x
TFTD-3 Fuel Turbine Digcharge Duct -200 to +1000 X X
TFTD-3R Fucl Turbine Mscharge Line -200 to +900 x
TFTD-4 Fuel Turbinc Discharge Duct -200 to +1000 x
TkETD-£R Fuel Turbine Discharge Line ~200 to ~900 x
TFTD-3 fuel Turbir.c Discharge Due: -200 =5 +1400 x
TFD-n Fucl Tusrbine Discharge Duct ~200 =5 +1400 X
THETD-? Fuel Turbire Discharge Duet -200 =2 +1400 X
TFTD-8 Fuel Turbine Discharge Duct -200 to +1400 X X
TFTI-1P Fuel Turbine lnlet TFT1 0 to 1800 x x
TFTO Fuel Turbine Qutlet TFT2 0 to 1800 X
TGGO-1A Gas Generator Outlct GGT1 0 to 1800 x x X
TUET-1P Helium Tank NNTI ~350 to 4100 X x
~MOVC Main Oxidizer Valve Actuator
Conditioring -325 =2 4200 X
~OB5-1 Oxicizer Boatairep Line =300 :a 4250 x
TOBS-2 Oxidizer Bootstrap Line -300 0 4250 x
TOBS-2A  Oxidizer Bootstrap Line ~300 to +250 x
TOBS-2B  Oxidizer Bootstrap Lane -300 to +250 x
TOBS-3 Oxidizer Bootstrap Line -300 to 4250 x
TOBS-4 Ox{dizer Bootstrap Line =300 to ~250 X
TOBV-14  Oxidlzer Bleed Valve GOT?2 =300 to -250 X
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TABLE 111-1 (Continved)

AEDC Tap Miero-  Magneti,  Oscilto-  stp N
_Code Paramcter No. Range SADIC Fape pruph Chart  Plotte.
L Temperatures °F
TOPB-1A  Oxicizer Pump Bearing Cooiant POT4 -300 to -250 x
TOPD-1P Oxidizer Pump Diacharge POT3 =300 to -250 x x x bN
TOPD-2 Oxidizer Pump Diseharge POT3 -300 to -250 X
TOP1-1 Oxidizer Pump Inlet -310to -270 x A
TOPI-2 Oxidizer Pump Inlet -3t0:0 -270 X x
TORPO Oxicazer Recirculation Pump
Outlet =300 to0 -2E0 x
TORPR Oxicizer Recireulation Fump
Return -300 to -140 x
TORT-1 Oxadizer Tank -300 Lo -287 x
TORT-3 Oxidizer Tank -300 to -287 x
TOT1-1P Oxi1dizer Turbine 1nlet N TGT3 0 to 1200 X X
TOTO-1P Oxidizer Turbine Outlet TGT4 0 to 1000 X
TOVL Oxidizer Tanx Repressurzation
Lane Nozzle Throst -300 to 4100 X
TPIP-1P Primary Instrument Pacsage -300 o +200 x
TPPC Pneumatie Package Conditioniag -325 to +200 x
TSC2-1 Thrust Chamoer Skin =300 to 1500 X
TSC2-2 Thrusi Chamber Skin -300 to +500 X
TSC2-3 Thrust Chamber Skin =300 10 4500 x
TSC2-4 Thrust Chamber Skin -300 to ~500 X
TSC2-5 Tharust Chamber Skir ' -350 to -560 x
TSC2-6 Tarust Chan-ber Skin ~300 to +500 x
TSC2-7 I'nrust Cnamber Skin =100 =0 4500 X
TSC2-8 Thrust Chamber Skin -300 =0 4500 X
TSC2-9 Thrust Chamber Skin =300 to +500 x
TS5C2-10 Thrust Chamber Skin -300 to +500 x
TSC2-11 Thrust Chamber Skin -300 to +500 X
TSC2-12 Thruat Chamber Skin -300 to +500 X
TSC2-13 Thrus: Chamber Skin -300 o -300 x %
TSC2-14  Thrust Chamber Skin ’ -300 =0 +300 x
TSC2-15 Thrua: Chamber Skin =300 0 4500 x
TSC2-16 Thrust Chamber Skin -300 10 41500 X
TSC2-17 Thruat Chamber Skin -300 to +500 x
TSC2-18 Thrust Chamber Skin -300 to +500 X
TSC2-19 Tnruat Chamber Skin -300 to +500 X
TSC2-20 Thrust Chamber Skin -3090 tc +500 X
TSC2-21 Thrust Ckamber Sk:in =300 to -503 x
TSC2-22 Thrust Chamber Skin -300 to +300 X
TSC2-23 Thrust Chamber Skin -300 to +500 X
T5C2-24 Thrust Chsmber Skin -300 to +500 X
TSOVAL-1 Oxdizer Valve Closing Control
Line =200 to +100 x
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AFDC
Code

TSOVAL-2

TSCGVC-)
TSQVC-2

‘ISTC
TSTDVCC

TSTDVOC
t1C-2k

I'TCEP-1
TXOC

UI'PR
Lorn
CTCR-:
Lien-2
UTCD-3
utivsc
u2vsc

vCB

VIB
VIDA
VPUTEP

Parameter

Temperuiures

Oxidizer Vaive Closing Contrel

Lare

Oxi. e Valve Actuator Cap

Oxicizer Vulve Acluator Filter

Flange
Start Tank Conditioning

Start Tank Discharge Valve
Closing Control Port

Star: Tank Diseharge Valve
O=ening Contrel Por:

‘T'hrust Cramber Jac<et
1Cantrol)

Thrust Cnamber Exat

Crossover Duct Conditioning
Vibr ations

Fuel Pump Rad.al Y0 deg
Oxudize: Pump Raeia. 40 deg
Larwst Chamae s Dome
Tarust Chamher NDome
Threst Chamber Dome

No. 1 Vibranion Safety Counts
No. 2 Vibration Safety Counts

Yoltage
Control Rus
Ignition Bas
Ignition Detect Amplifier

Propellant Untization Valve
Exeitation

TABLE lil-1 (Concluded)

Tap Miero- Magnetic Oscillo-
No, Range SADIC Tape graph
°F
-209 to +100 x
=325 to +.50 X
-325 to 4150 x
-350 to 4150 x
=350 to 4100 X
-350 to 4100 X
Cs1 -4£25 to -300 X
-425 to -500 X
-325 to +200
B
+200 x
+200 X
+E00 X x
+500 x x
+500 x X
On/OIf x
On/Off X
Volts
0 to 36 X X
0036 X
9:0 16 X X
0tod X
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